apoE-/-mice demonstrated greater increases in lung lavage protein levels, neutrophil counts, and cytokine expression (p < 0.05) compared to WT mice. Experiments utilizing the IPML setup demonstrated no differences in intrinsic lung responses to injury between apoE-/-and WT mice, suggesting the presence of a circulating factor as being responsible for the in vivo observations. Finally, the exposure of lung endothelial cells to oxLDL resulted in increased monolayer permeability and IL-6 release compared to native (nonoxidized) LDL. Conclusions: Our findings demonstrate a susceptibility of apoE-/-animals to ALI that may occur, in part, due to elevated levels of oxLDL.
Introduction
Acute lung injury (ALI) and acute respiratory distress syndrome (ARDS) represent a spectrum of disease characterized by the acute onset of severe hypoxemia as a result of noncardiogenic pulmonary edema [1] . Pathologically, an intense neutrophilic inflammatory process is observed within the alveolar air spaces, accompanied by an influx of protein-rich edema fluid, compromise of the alveolar epithelial membrane, and inactivation of the pulmonary surfactant system [2, 3] . Despite years of investigation, the clinical outcomes associated with ALI remain poor [4] and thus the discovery of novel pathways that contribute to the underlying pathogenesis of ALI may be important in defining new and effective therapeutic paradigms [5] . The identification of mechanisms that have been innately associated with other nonpulmonary inflammatory disease states may offer one potential avenue whereby the lessons learned from these disease processes could be exploited in the setting of ALI.
In the context of cardiovascular disease, apolipoprotein E (apoE) has been shown to play a pivotal role in the development of premature atherosclerosis on the basis of its known function in lipid trafficking [6] . Furthermore, it has been demonstrated that the apoE-deficient mouse (apoE-/-) develops premature atherosclerosis on the basis of serum hypercholesterolemia [7, 8] and an aberrant inflammatory response [9] [10] [11] . For example, observed rises in an oxidized form of low-density lipoprotein (oxLDL) in the apoE-/-mouse have been shown to act as a potent proinflammatory stimulus critical to the development of arterial plaque formation [12] [13] [14] . Although recent studies have identified a potential role for apoE in the pathophysiology of certain pulmonary diseases such as emphysema [15] and asthma [16] , its role in the pathogenesis of ALI remains uncharacterized.
In the current study, it was hypothesized that apoE-/-mice would be more susceptible to the development of ALI. In order to test this hypothesis, 2 independent models of ALI were employed, including: (i) acid aspiration with mechanical ventilation and (ii) hyperoxia-induced lung injury. Overall, in both models of ALI, apoE-/-animals demonstrated an enhanced response to injury compared to wild-type (WT) animals as determined by increases in lung lavage cytokines, neutrophils, and protein leak. Subsequently, further studies were performed in order to determine whether the lungs of apoE-/-mice are susceptible to ALI using the ex-vivo isolated perfused mouse lung (IPML) model or whether circulating factors such as oxLDL may contribute to the ALI pathogenesis through effects on lung vascular endothelial cells.
Materials and Methods

Animals: Ethics Statement
All animal experiments were performed in concordance with Canadian Council of Animal Care animal health rules and regulations and were approved by the University of Western Ontario (Animal Use Subcommittee; AUS), the Lawson Health Research Institute (protocol No. 2009-091, London, Ont., Canada), and the Animal Care and Use Committee of the National Institute of Environmental Health Sciences (Research Triangle Park, N.C., USA). Eight-to 15-week-old male WT C57BL/6 and apoE-/-(C57/BL6 background) (Jackson Labs, Bar Harbor, Me., USA) mice were used for all experiments and were permitted to acclimatize for 72 h prior to use in experiments. All animals were allowed unrestricted access to standard chow and water.
Acid Aspiration and Ventilation-Induced Lung Injury Model
WT and apoE-/-animals were sedated and anaesthetized using ketamine hydrochloride (100 mg/kg) and medetomidine (50 mg/ kg). Each animal received buprenorphine (1.5 μg subcutaneously) for analgesia. Arterial and venous access was established and a midline tracheostomy was performed with an 18-gauge angiocatheter endotracheal tube placed and secured. Subsequently, animals were mechanically ventilated for 15 min [respiratory rate, 150 breaths/ min; tidal volume (V T ), 8 ml/kg; positive end-expiratory pressure (PEEP), 3 cm H 2 O, and fraction of inspired oxygen (F IO 2 ), 100%] (Harvard Instruments, St. Laurent, Que., Canada), at which point an initial arterial blood gas was obtained. Animals with an initial arterial oxygenation (Pa O 2 ) >400 (inclusion criteria) were randomized to receive an intratracheal bolus of air or 50 μl of 0.1 N hydrochloric acid, followed by 4 h of mechanical ventilation. Separate nonventilated (Non-Vent) WT and apoE-/-animals were sacrificed and included as controls. Thus, there were a total of 6 experimental groups that included: 2 nonventilated control groups (WT Non-Vent and apoE-/-Non-Vent), 2 control, ventilated 'air bolus' groups with the above parameters (WT Air and apoE-/-Air), and 2 ventilated, intratracheal 'acid administration' groups (WT Acid and apoE-/-Acid) with similar ventilation parameters. The animals were monitored via continuous measurement of their peak inspiratory pressure (PIP) and mean arterial blood pressure through an indwelling arterial catheter and Pa O 2 was assessed at 0, 120, and 240 min. At the completion of the ventilation protocol, the animals were sacrificed (i.v. sodium pentobarbital, 110 mg/kg) and whole-lung lavage was performed and analyzed as previously described [17] . Serum was collected from all 6 experimental groups just prior to the end of the experiment and analyzed for 9 proinflammatory cytokines and chemokines (G-CSF, GM-CSF, IL-1β, IL-6, IP-10, KC, MIP-2, LIX, and TNF-α) using a Millipore Milliplex kit (Millipore, Billerica, Mass., USA) and the Luminex xMAP detection system on a Luminex 100 (Linco Research, St. Charles, Mo., USA) as per the manufacturer's instructions.
Lung Lavage Analysis
Immediately upon retrieval, surfactant was obtained through high-speed centrifugation and analyzed as previously described [18] . The remaining lavage supernatant was analyzed for protein concentration using a Micro BCA protein assay kit (Pierce, Rockford, Ill., USA) following the manufacturer's instructions, and lavage cell counts were performed as previously described [19] . Lavage cytokines were quantified using a Millipore Milliplex kit (Millipore) and the Luminex xMAP detection system on a Luminex 100 (Linco Research), both as per the manufacturer's instructions.
Hyperoxia-Induced Lung Injury Model
As a second model of lung injury, the response of WT and apoE-/-animals to 72 h of hyperoxia exposure was evaluated. WT and apoE-/-animals were placed individually in a Hazleton M60 Yamashita et al. 418 battery inside a Hazleton 1000 chamber (Lab Products, Maywood, N.J., USA). After acclimation, mice were exposed to >95% O 2 (UHP grade, minimum purity 99.994% O 2 tanks; National Welders, Durham, N.C., USA) for 24 h/day for 72 h. All animals were allowed unrestricted access to standard chow and water. The temperature (22 ± 1 ° C) and humidity (50 ± 15%) of the chambers were monitored. Control mice were placed in a Hazleton M60 battery with food and water provided ad lib and exposed to filtered conditioned air for the duration of the study. All chambers were opened for approximately 30 min at the same time each morning to allow health checks, water and feed checks, and excreta paper change. Immediately after the end of each exposure, the mice were sacrificed by sodium pentobarbital overdose (100-150 mg/kg). Wholelung lavage and measurements of lavage protein, cell counts, and cytokine levels were performed as described earlier.
IPML Model
In order to determine whether the lungs themselves of apoE-/-mice are susceptible to the development of ALI, the IPML model was employed in the acid aspiration model to examine the responses of apoE-/-lungs ex vivo as previously described [17] . Briefly, WT and apoE-/-mice were randomized to air or acid aspiration (50 μl of 0.1 N hydrochloric acid) as described above, resulting in 4 experimental groups (WT Air, WT Acid, apoE-/-Air, and apoE-/-Acid). In this experiment, animals were allowed to recover for 4 h after air or acid delivery and were then sacrificed and intubated, and the thorax was incised to expose the heart and lungs. Thereafter, selective catheterization of the left ventricle and pulmonary artery was performed and the pulmonary circulation was cleared by 'flushing' the lungs with perfusate (RPMI 1640 lacking phenol red and supplemented with 2% low endotoxin grade bovine serum albumin; Sigma, St. Louis, Mo., USA) and subsequently continuously perfused while the isolated lungs were mechanically ventilated for 2 h (Harvard Instruments) with a respiratory rate of 150 breaths/min, a V T of 8 ml/kg, and a slightly higher PEEP value (5 cm H 2 O) than that in the vivo experiments described above to compensate for the absence of intrapleural pressure. Notably, the RPMI was not supplemented with ferric nitrite or ferrous sulfate, which may be anticipated to contribute to lipid peroxidation, particularly in the setting of elevated cholesterol levels. The PIP was monitored throughout the mechanical ventilation. Four nonventilated, nonperfused groups were included for comparison, comprising animals that were sedated and received an air or acid instillation, were allowed to recover as above, and were sacrificed 4 h later but did not undergo the IPML or mechanical ventilation procedure. At completion of the ventilation protocol, or at sacrifice of the controls, whole-lung lavage was performed and samples were collected as described above.
oxLDL and Pulmonary Vascular Endothelial Cell Culture
Baseline levels of total cholesterol and lipid peroxidation (malondialdehyde; MDA) of serum samples from WT and apoE-/-mice used in the in vivo acid aspiration model were analyzed using the London Health Sciences Centre Core Laboratory Facility (total cholesterol) and a commercially available kit through a controlled reaction with thiobarbituric acid (TBARS, lipid peroxidation) as per the manufacturer's instructions (Cayman Chemical, Ann Arbor, Mich., USA). In order to assess the effects of oxLDL on pulmonary vascular endothelial cells (PMVEC) in vitro, cells were isolated from peripheral, subpleural pulmonary tissue of naïve mice as previously described [20] . All experiments were conducted with PMVEC at passages 3-8. PMVEC permeability was assessed by the flux of Evans Blue dye-labeled albumin (EB-albumin) across PMVEC monolayers, as previously described [21] . For this assay, 1 × 10 5 PMVEC were grown to confluence on gelatin-coated cell culture inserts (3.0-μm pore) in 24-well plates. PMVEC monolayers were treated with human native LDL or copper sulphate oxLDL (protein concentrations: 15, 50, and 150 μg/ml; Intracel, Frederick, Mass., USA) versus the buffer control for 8 h. At various time points (2, 4, and 8 h), 150 μl of a 4% solution of albumin was added to the lower compartment of the well, while 50 μl of a 0.67 mg/ ml EB-albumin solution was added to the upper compartment. The amount of EB-albumin that leaked across the PMVEC monolayer into the lower compartment of the PMVEC monolayers over exactly 1 h was quantified by measuring the absorbance of the media in the lower compartment at 595 nm. The trans-PMVEC EBalbumin flux under experimental conditions is expressed as a percentage of the total EB-albumin added to the upper compartment, normalized to control conditions. Subsequently, confluent monolayers of PMVEC were exposed to media, native LDL, or oxLDL for 16 h. The supernatant was collected and the concentrations of IL-6 were determined using a commercially available ELISA kit as per the manufacturer's instructions (Pharmingen, San Diego, Calif., USA).
Statistical Analysis
All data are expressed as means ± SEM. Statistical analysis was performed using the statistical software package GraphPad Prism (GraphPad Software, La Jolla, Calif., USA). Treatment effects were determined using a two-way analysis of variance (ANOVA) followed by Bonferroni's post hoc test. p < 0.05 was considered statistically significant. A two-tailed t test was used to assess significant baseline differences between levels of lipid peroxidation products in WT and apoE-/-animals, with values <0.05 considered statistically significant.
Results
Response of apoE-/-Mice to Acid Aspiration and Mechanical Ventilation in vivo
The pulmonary response of WT and apoE-/-mice to acid aspiration with mechanical ventilation, as a model of ALI, was evaluated. Overall, acid aspiration with mechanical ventilation was well tolerated, with no premature deaths observed in any group. PIP values and oxygenation values for the 4 groups of mechanically ventilated mice are shown in figure 1 a and b, respectively. In both air-instilled and acid-instilled animals, there was a significant increase in PIP and a reduction in Pa At the completion of ventilation, lung lavage samples were analyzed for protein concentration, neutrophil counts, and cytokine levels ( fig. 2 a-c) . Firstly, a baseline comparison of the two uninjured, nonventilated groups demonstrated no significant difference between genotypes with respect to lung lavage levels of protein, cytokines, or neutrophil counts. Similarly, in animals randomized to the control air bolus followed by mechanical ventilation, there were also no differences with respect to lavage protein or neutrophils compared to genotyped-matched, nonventilated controls and similarly no differences were observed between genotypes. In contrast, in animals randomized to acid instillation followed by mechanical ventilation, there was a significant increase in lavage protein levels compared to genotypematched animals treated with air instillation and mechanical ventilation (1.11 ± 0.27 mg/ml vs. 0.51 ± 0.08 mg/ml). Of relevance to our hypothesis, acid-treated apoE-/-mice demonstrated significantly greater levels of lavage protein, neutrophils, and cytokines (IL-6, TNF-α, KC, and MCP-1) compared to acid-treated WT animals.
Additionally, baseline analysis of the serum levels of a wide panel of proinflammatory chemokines and cytokines demonstrated no significant differences between genotypes with respect to any analyte within the systemic circulation ( table 1 ) . The values of these mediators were significantly increased in all 4 ventilated groups. Interestingly, and in contrast to the lavage levels of the inflammatory mediators, there were no consistent statistical differences between genotypes in the levels of inflammatory mediators in serum ( table 1 ) . Furthermore there was no significant effect of genotype on the amount of surfactant or the percentage of functional large aggregate component of surfactant in any of the experimental groups (data not shown).
Response of apoE-/-Mice to Hyperoxia-Induced Lung Injury in vivo
In order to discern whether the susceptibility of the apoE-/-mouse to lung injury is model specific or generalizable to other forms of ALI, WT and apoE-/-mice were studied using a hyperoxia-induced model of ALI. In control air-exposed animals, no difference in lavage protein, neutrophils, or inflammatory cytokines was observed between WT and apoE-/-mice ( fig. 3 a-c) . After 72 h of exposure to >95% O 2 , there was a significant increase in lavage protein in WT and apoE-/-animals. Notably, hyperoxia-exposed apoE-/-mice had significantly higher lavage fluid concentrations of protein, neutrophil counts, IL-6, KC, and MCP-1 levels compared to their WT counterparts. In contrast, TNF-α was significantly lower in apoE-/-mice compared to WT mice after 72 h of hyperoxia exposure. 
Response of apoE-/-Lungs to Acid Aspiration and ex vivo Mechanical Ventilation
A model utilizing in vivo acid aspiration (or air control) followed by ex vivo mechanical ventilation of explanted lungs, i.e. the IPML model, was employed to determine whether apoE-/-lungs are inherently susceptible to the development of ALI. By replacing intravascular blood with media prior to ventilation, this model allows a more targeted investigation of the isolated injury response of lung parenchymal cells after their dissociation from the circulation. In animals receiving an air bolus followed by ex vivo mechanical ventilation, no differences were observed between genotypes with respect to PIP over the course of 120 min of ex vivo ventilation. On the other hand, animals receiving an intratracheal bolus of acid showed a significant rise in PIP at all time points compared to their respective genotype counterparts receiving an air bolus and mechanical ventilation. Furthermore, apoE-/-animals demonstrated a significantly greater increase in PIP compared to similarly treated WT animals from 75 to 120 min of the ventilation protocol ( fig. 4 ) .
With respect to lung lavage analysis, comparison of nonventilated animals receiving a control air bolus did 421 not demonstrate significant differences between genotypes with respect to lavage protein, neutrophil counts, or cytokine concentrations ( fig. 5 a-c) . In nonventilated animals receiving an acid bolus, there was a significant rise in lavage protein compared to values in air-instilled animals; however, no differences between neutrophil counts or cytokine levels were observed between groups. In animals receiving an air bolus followed by mechanical ventilation, no significant increase in lavage protein, neutrophils, or cytokines was observed compared to nonventilated controls, and no differences were observed between genotypes. In animals receiving acid instillation followed by ex vivo mechanical ventilation, there was a significant increase in lavage cytokine levels compared to air-instilled animals; however, no differences between genotypes were observed for any of the lavage outcomes measured. Similarly, no differences were observed in cytokine concentrations in lung perfusate collected at the completion of mechanical ventilation between genotypes in either air-or acid-instilled animals (data not shown). Taken together, these findings suggest the requirement for a circulating mediator in the enhanced injury response of apoE-/-lungs.
Effects of oxLDL on Lung Endothelial Cell Permeability and Inflammation
Given that serum cytokines were equivalent in WT and apoE-/-mice after acid aspiration and ventilation ( table 1 ), we reasoned that a nonprotein circulating proinflammatory mediator might underlie the enhanced lung injury in apoE-/-mice. One candidate proinflammatory lipid mediator that has been described to be elevated in apoE-/-murine serum is oxLDL. Baseline evaluation of serum samples from WT and apoE-/-demonstrated a significant increase in serum cholesterol levels in apoE-/-compared to WT animals (11.59 ± 0.43 mmol/l vs. 1.51 ± 0.10 mmol/l, p < 0.05). Furthermore, consistent with past reports, we found an elevated concentration of MDA generated by lipid hyperoxides (TBARS assay) in apoE-/-serum, a widely used surrogate measure of oxLDL. apoE-/-mice displayed significantly greater concentrations of oxidized lipids (46.08 ± 5.20 μ M MDA) compared to WT animals (26.91 ± 1.97 μ M MDA, p < 0.05). Given this, the effects of oxLDL on lung endothelial cell permeability and inflammation were next evaluated in PMVEC in vitro. Compared to native (i.e. nonoxidized) LDL, oxLDL induced a significant increase in lung endothelial cell monolayer permeability in a time-and dose-dependent fashion, as shown in figure  6 a-c. Furthermore, after exposure of endothelial cells to oxLDL, there was a significant rise in IL-6 levels in cell culture supernatant compared to cell culture supernatant in cells exposed to media alone or LDL. These findings thus support the notion that elevated serum oxLDL may contribute, at least in part, to the enhanced in vivo lung injury phenotype of apoE-/-mice.
Discussion
In the current study, we report that apoE-/-mice are more susceptible to the development of ALI compared to WT animals as determined by increases in lung permeability, neutrophil recruitment, and inflammatory cytokines. This susceptibility was observed across 2 independent models of lung injury: acid aspiration with mechanical ventilation and 72-hour hyperoxia exposure. Despite fundamental differences in the mechanism of injury incited by these experimental models, apoE deficiency was found to induce a similar pattern of injury in both models. Over the past several years, the apoE-/-mouse model has been utilized extensively within the cardiovascular literature, based on the observed phenotype of hypercholesterolemia and premature atherosclerotic disease [6, 8] . In the context of lung injury, previous studies have demonstrated that exposure of apoE-/-mice to cigarette smoke resulted in premature emphysema and a more rapid decline in lung function compared to cigarette smoke-exposed, WT mice [22] . In other studies, house dust mitechallenged apoE-/-mice have displayed enhanced airway hyperreactivity and goblet cell hyperplasia compared to controls, and it has further been demonstrated that administration of an exogenous apoE-mimetic peptide could mitigate this inflammatory response [16] . Collectively, these studies, together with the current findings, suggest that absence of the apoE protein and downstream consequences of this deficiency result in an altered pulmonary inflammatory response. The present study extends the regulatory purview of apoE to the acutely injured lung by defining the response of apoE-/-mice to multiple forms of experimental, clinically relevant ALI. Moreover, we propose a molecular pathway (i.e. oxLDL) by which this enhanced susceptibility to ALI may occur. It is worth noting, in relation to the ALI models employed in the current study, that the response of apoE-/-mice to injurious stimuli did not result in a global, nonspecific enhancement of lung injury. For example, in the acid aspiration model of ALI, although lung lavage fluid demonstrated striking differences in neutrophil counts, alveolar permeability, and concentrations of selected cytokines in the apoE-/-mice, other relevant markers of lung dysfunction, such as changes in lung physiology (e.g. compliance, oxygenation) or pulmonary surfactant composition (data not shown), or serum cytokine levels did not differ significantly between the two genotypes. Additionally, analysis of the cytokine response in apoE-/-mice secondary to hyperoxia-induced ALI demonstrated a reduction in lavage TNF-α levels compared to WT controls, which contrasted with the findings for acid aspiration with the mechanical ventilation model, suggesting a complex role of apoE in modulating injury-specific inflammatory responses. One explanation for these findings may be predicated on the basis of different mechanisms of injury between the two experimental models. On the one hand, acid aspiration (±mechanical ventilation) has been shown to elicit a direct chemical injury to the airways and alveoli that culminates in alveolar hemorrhage, edema, and the recruitment of neutrophils [23, 24] . On the other hand, sustained hyperoxia has been shown to elicit lung responses through the overproduction of free oxygen radicals at the local tissue level, resulting in an NFκB-dependent mechanism of injury [25, 26] . While apoE deficiency enhanced the injury phenotype in both models, important differences in the apoE-/-phenotype between the two models (e.g. elevated BALF TNF-α after acid/ventilation vs. reduced BALF TNF-α after hyperoxia) suggest a complex, context-dependent role for apoE in modulation of the lung's response to injury.
Although the primary focus of the current study was to elucidate whether a deficiency of apoE impacts the development of ALI, several lines of evidence suggest that decompartmentalization of the pulmonary inflammatory response to a systemic inflammatory response represents a critical stage in the natural history of this disease process [27, 28] . Despite observing a marked reduction in the pulmonary inflammatory response associated with acid aspiration and mechanical ventilation in apoE-/-mice, analysis of serum proinflammatory analytes did not reveal differences compared to WT animals. Although several possible explanations exist, including: (i) the timing of the sample collection, (ii) the possibility that pulmonary and systemic responses in the setting of apoE deficiency may be different, or (iii) that differences in other circulating factors in apoE deficiency may alter systemic responses, future studies will be required to elucidate the nature of this observation.
The differences observed in the outcomes between apoE-/-and WT mice may be particularly relevant from a clinical standpoint. For example, elevated lavage levels of IL-6 as observed in apoE-/-mice in both models utilized in the current study have been shown to be predictive of adverse outcomes in patients with ARDS [29] . Recently, Lin et al. [30] reported that, among mediators found in bronchoalveolar lavage fluid, IL-8 levels were the greatest predictor of mortality in a cohort of patients with ARDS, a finding also observed in apoE-/-animals (mouse analogue, KC) within both ALI models used in the current study [30] . Through use of the IPML model, lungs of WT and apoE-/-mice were isolated from the systemic circulation ex vivo to assess the inherent properties of the apoE-/-lungs in this setting. In contrast to observations in the initial in vivo model of ALI and those made previously [31] , apoE-/-animals exposed to acid aspiration and mechanical ventilation did not exhibit differences in any outcomes compared to WT mice, including changes in lung permeability, neutrophil recruitment, and cytokine production within the alveolar airspaces. Further analysis of pooled lung perfusate circulated through the pulmonary circulation of WT and apoE-/-mice collected at the completion of mechanical ventilation did not demonstrate differences in circulating proinflammatory media- tors, further supporting a lack of differences between the lungs of WT and apoE-/-animals. These findings suggest that circulating systemic factor(s) may be responsible for the observed susceptibility. Thus, preliminary experiments were conducted in order to elucidate whether specific circulating factors may be responsible for the observed phenotype. Prior studies have shown that apoE-/-animals fed a standard chow diet (as in the current study) exhibit a significant increase in circulating levels of oxLDL [12] . Elevated levels of oxidized lipids were subsequently confirmed in the current study using a standard TBARS assay, which has been previously shown to correlate with levels of oxLDL [32] . Interestingly, the exposure of primary lung vascular endothelial cells to oxLDL resulted in an increase in both monolayer permeability and IL-6 release in both a timeand a dose-dependent fashion. Of note, LOX-1, a major endothelial receptor for oxLDL, has been shown to play a role in the development of ALI, as mice lacking endothelial expression of LOX-1 are resistant to the development of sepsis-induced ALI [33] . Taken together with our findings, this supports a potential involvement of oxLDL in the responses observed in our in vivo model; however, further studies are required to examine this in more detail, including the specific involvement of LOX-1 in the lung. Furthermore, our findings of the effects of oxLDL on pulmonary vascular cells do not preclude other potential mechanisms by which oxLDL may contribute to either the initiation or the propagation of ALI.
Despite the consistent observations made in the current study, specific limitations of the findings are noteworthy. Firstly, while the IPML experiments suggest that lung-resident cells do not account for the increased ALI susceptibility in apoE-/-mice and that a circulating factor is required, the IPML model is limited by the inherent effect of ischemia. In the current study we observed differences in PIP between acid-instilled WT and apoE-/-mice after 75 min of mechanical ventilation in this IPML model, which were not reflected by differences in lavage measures of ALI. This discrepancy in lung physiology and the markers of ALI may be due to the 'open-chest' setup used in ex vivo mechanical ventilation as opposed to an intact in vivo specimen. Secondly, it is notable that there were differences with respect to the timing of the mechanical ventilation after the delivery of intratracheal acid in the in vivo and IPML models. Animals received immediate mechanical ventilation in the in vivo model in order to maintain the viability of the model for the duration of ventilation as opposed to sacrificing the animal for purposes of the IPML setup, and it is therefore possible that this may have affected the outcome parameters observed within each of the models.
From a clinical perspective, the findings of the current study may have potential implications for patients with or at risk for the development of ALI. For example, the notion that oxLDL levels could influence the propagation of lung injury would have significant implications for a large population of patients with underlying hypercholesterolemia in which elevated levels of oxLDL have been demonstrated to circulate in direct proportion to serum LDL levels [34] . Unfortunately, at the current time, we are unaware of any clinical or epidemiologic data demonstrating a relationship between serum cholesterol levels and outcomes associated with ALI. This may be in part due to the high prevalence of other comorbid conditions including hypertension, obesity, and diabetes mellitus, which collectively coexist in a high proportion of these patients. Interestingly, recent data has suggested that obesity alone may be protective against the development of 426 ALI/ARDS [35, 36] , hence increasing the complexity of these so-called 'metabolic' risk factors. Based on evidence that apoE deficiency results in a susceptibility to ALI, a potential therapeutic role for exogenous apoE administration could be considered in future experimental models. Such an approach was previously demonstrated, whereby the administration of an apoE-mimetic peptide mitigated dust-mite-induced airway inflammation in an animal model of asthma [16] .
In conclusion, the current study demonstrates the susceptibility of the apoE-/-mouse to the development of lung injury across two independent experimental models of ALI. We speculate that this increased susceptibility is driven, at least in part, by increased levels of circulating oxLDL. These findings provide a strong rationale to further investigate the role of both apoE and oxLDL in the context of ALI and to determine whether such factors may be amenable to pharmacologic intervention for patients with or at risk for ALI.
